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Total	  Water	  Storage	  Changes	  in	  the	  Combined	  Sacramento-‐San	  Joaquin	  River	  Basins	  
From	  the	  NASA	  GRACE	  Satellite	  Mission	  for	  March	  2002-‐	  December	  2013	  

Data	  courtesy	  of	  UC	  Irvine,	  NaLonal	  Center	  for	  Atmospheric	  Research,	  	  
University	  of	  Texas,	  	  NASA	  

•  Monthly	  changes	  in	  all	  of	  the	  snow,	  river	  and	  reservoir	  storage,	  soil	  water	  and	  groundwater	  combined.	  
•  Currently	  the	  area	  is	  25	  cubic	  kilometers	  below	  its	  normal	  low	  for	  this	  Lme	  of	  year	  (based	  on	  the	  average	  

low	  for	  the	  Lme	  period	  shown	  
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Groundwater	  deple:on	  and	  surface	  water	  alloca:ons	  are	  closely	  connected	  
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Cumula:ve	  Groundwater	  Deple:on	  in	  California’s	  Central	  Valley	  from	  USGS	  and	  GRACE	  

UCCHM,	  2014	  
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An example of water cycle change from GRACE 
Increasing extremes in California 
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Sacramento−San Joaquin (Swenson): GRACE Deficits (3MonSm) April 2002−December 2013

Years

Monthly	  changes	  in	  total	  
water	  storage	  

Average	  changes	  in	  total	  
water	  storage	  

NegaLve	  deviaLons	  from	  
average	  water	  storage	  
conditons	  
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GRACE:	  Poten:al	  for	  flood	  predic:on	  

Reager	  and	  Famiglie8,	  2009	  	  

GRACE-‐based	  
	  flood	  Index	  maxima	  

May,	  2007	  

Recorded	  floods,	  Dartmouth	  
Flood	  Observatory,	  	  

May,	  2007	  



california)for)water) ucchm.org)

Es:ma:ng	  groundwater	  storage	  changes	  with	  GRACE	  
Colorado	  River	  Basin	   Total	  water	  storage	  anomalies	  

‘Accessible’	  water	  storage	  anomalies	  

GW	  
SW	  

Castle	  et	  al.,	  2014,	  in	  prep	  



Famiglie8	  and	  Rodell,	  2013	  

Trends	  in	  Freshwater	  Storage	  
from	  GRACE,	  2003-‐2012	  
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Are	  our	  models	  up	  to	  the	  task?	  

•  Arguably,	  there	  is	  a	  tremendous	  need	  to	  accelerate	  the	  development	  of	  our	  
hydrologic	  modeling	  assets,	  in	  California,	  	  the	  U.S.	  and	  globally.	  	  

•  Society	  requires	  science-‐based	  management	  tools	  and	  soluLon	  strategies,	  
but	  our	  models	  are	  not	  up	  to	  the	  task.	  

•  Some	  of	  the	  most	  basic	  aspects	  of	  the	  water	  environment	  are	  sLll	  not	  yet	  
realisLcally	  represented	  in	  large-‐scale	  models	  

	  
•  How,	  for	  example,	  can	  we	  predict	  global	  change	  impacts	  on	  groundwater	  

resources,	  if	  we	  can’t	  realisiLcally	  represent	  the	  characterisLcs	  of	  the	  soil	  
and	  groundwater	  reservoirs	  

•  We	  have	  a	  long	  way	  to	  go	  before	  we	  can	  go	  from	  here…	  
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Catchment-‐based	  modeling	  template	  
with	  explicit	  river	  network	  

Simulated	  river	  depth	  

Simulated	  river	  height	  

Simulated	  hydrographs	  

Where	  we	  are	  now:	  Catchment-‐based	  for	  US	  	  

Liu	  et	  al,	  2013	  
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Where	  we	  are	  now:	  Catchment-‐based	  for	  California	  	  

Liu	  et	  al,	  2013	  

Simulated	  river	  depth	   Simulated	  river	  height	  

Simulated	  hydrographs	  
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Detailed	  structure	  of	  river	  	  
network	  over	  California	  within	  
conLnent-‐wide	  simulaLon	  

Where	  we	  are	  going:	  Mul:-‐scale	  catchment-‐based	  for	  US/California	  	  
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Detailed	  structure	  of	  river	  	  
network	  over	  California	  within	  
conLnent-‐wide	  simulaLon	  

Where	  we	  are	  going:	  Mul:-‐scale	  catchment-‐based	  for	  US/California	  	  
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Detailed	  structure	  of	  river	  	  
network	  over	  California	  within	  
conLnent-‐wide	  simulaLon	  

Where	  we	  are	  going:	  Mul:-‐scale	  catchment-‐based	  for	  US/California	  	  
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Coastal	  Flood	  Modeling,	  Newport	  Beach,	  CA

9 ft Storm surge 10 ft Tsunami 



california)for)water) ucchm.org)

Santa	  Maria	  River 

Cuyama	  River 

Twitchell	  Dam 

Coupled	  Hydrologic-‐Hydraulic	  Modeling	  
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Where	  we	  are	  now:	  1-‐km	  CLM	  over	  the	  Western	  US	  	  
High	  resolu>on	  topography	  to	  create	  a	  1-‐km	  FMAX	  	  parameter	  for	  each	  1-‐km	  grid	  cell	  in	  CLM	  

	  

Model	  domain: 	  1200	  x	  1120	  
	  
Forcing	  data: 	   	  NLDAS	  1/8	  degree	  
	  
Run	  >me: 	   	  6	  months/day	  @	  10	  Greenplanet	  nodes	  

Singh,	  Reager,	  Miller,	  Famiglie8.,	  in	  prep	  
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CLM4.0	  @	  1-‐degree	   CLM4.0	  @	  0.25-‐degree	  

CLM4.0	  @	  1-‐km	   SNODAS	  12-‐km	  

Where	  we	  are	  now:	  1-‐km	  CLM	  over	  the	  Western	  US	  	  

Western	  US	  average	  Snow	  Water	  

Singh,	  Reager,	  Miller,	  Famiglie8.,	  in	  prep	  
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Hi-‐res	  Southwestern	  U.S.	  assimila:on	  of	  water	  table	  depth	  

•  Gridded	  observaLons	  obtained	  
using	  Kriging	  to	  overcome	  sparse	  
groundwater	  measurement	  data	  

•  Direct	  InserLon	  of	  groundwater	  
observaLons	  successful.	  
–  No	  major	  breakdown	  of	  

model	  
–  Improved	  simulaLon	  results	  

•  More	  advanced	  assimilaLon	  
methods	  using	  DART	  failed.	  	  
–  Hints	  at	  incompaLbiliLes	  of	  

DART	  and	  CLM	  groundwater	  
formulaLon	  	  

Singh,	  Reager,	  Miller	  and	  Famiglieb	  (b)	  (in	  prep)	  

1 km grid, 
over 
Southwest
ern U.S. 
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Enable	  new	  science:	  
Increased	  water	  vapor	  and	  rainfall	  in	  the	  southwestern	  U.S.	  from	  irriga:on	  in	  California	  

Lo	  and	  Famiglieb,	  2013	  
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Closing	  Thoughts	  

•  Groundwater	  is	  disappearing	  in	  California’s	  Central	  Valley,	  in	  the	  Coachella	  Valley	  
and	  in	  other	  localized	  regions	  around	  the	  state	  

•  GRACE	  can	  provide	  a	  large	  area	  view	  and	  raise	  awareness.	  Its	  holisLc	  perspecLve	  
can	  also	  provide	  early	  warning	  on	  both	  the	  flood	  and	  drought	  sides	  

•  GRACE-‐GPS-‐InSAR	  coupled	  to	  a	  groundwater	  model	  with	  deformaLon	  component	  
is	  the	  next	  step	  which	  could	  be	  pursued	  in	  a	  UCI-‐JPL-‐DWR	  WRAP	  proposal	  

•  Our	  large-‐scale	  models	  are	  imporving,	  but	  need	  to	  be	  accelerated	  so	  that	  we	  can	  
answer	  the	  quesLons	  that	  need	  to	  be	  answered	  

•  DWR	  can	  no	  longer	  afford	  to	  limit	  its	  collaboraLons	  in	  such	  key	  areas	  strictly	  to	  
agencies.	  	  The	  state	  and	  the	  federal	  government	  has	  invested	  heavily	  in	  
universiLes	  and	  the	  key	  advances	  in	  remote	  sensing	  and	  model	  development	  are	  
happening	  there.	  	  	  

•  “We’re	  working	  with	  JPL”	  will	  no	  longer	  suffice	  and	  exposes	  our	  state	  to	  an	  
unneccesarily	  high	  level	  of	  risk	  
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